Training in minimalist footwear
INTRODUCTION
Aerobic exercise is important for the population of the United States as the nation is now facing an unprecedented increase in diseases linked to metabolic syndrome [1] . Aerobic exercises such as running and jogging are methods to increase aerobic exercise and can help a person meet the recommended amount of daily physical activity [2] .
Jogging and running have gained popularity in the United States since the jogging craze of the 1970s [3, 4] .
The modern running shoe has a wedge shape with cushioning under the heel of the foot. It has been suggested that the wedge was introduced under the heel in order to have gravity assist the runner's forward progress [5] . More recently running shoes have undergone numerous changes in material and design in order to increase comfort and decrease injury. However, a recent meta-analysis [6 ] concluded that the prescription of modern running shoes was not an evidence based practice. It has also been reported that the cost of a pair of modern running shoes may not correlated to the cushioning ability of the shoes [7] . 
ABSTRACT:
The present study sought to examine the effect of 5 weeks of training with minimalist footwear on oxygen consumption during walking and running. Thirteen college-aged students (male n=7, female n=6, age: 21.7±1. 4 ), and moderate running (9.6 km · hr -1 ). The participants completed this assessment barefoot, in running shoes, and in minimalist footwear in a randomized order. The participants underwent 5 weeks of training with the minimalist footwear. Afterwards, participants repeated the metabolic testing. Data was analyzed via repeated measures ANOVA. The analysis revealed a significant (F 4,32 = 7.576, η p 2 =0.408, p≤0.001) interaction effect (time × treatment × speed). During the initial assessment, the minimalist footwear condition resulted in greater oxygen consumption at 9.6 km · hr -1 (p≤0.05) compared to the barefoot condition, while the running shoe condition resulted in greater oxygen consumption than both the barefoot and minimalist condition at 7.2 and 9.6 km · hr -1 . At post-testing the minimalist footwear was not different at any speed compared to the barefoot condition (p> 0.12). This study suggests that initially minimalist footwear results in greater oxygen consumption than running barefoot, however; with utilization the oxygen consumption becomes similar. imalist footwear and that 30.4% had tried running in minimalist footwear [8] . While there is obviously interest in minimalist footwear in the running community, the use of minimalist footwear has been observed has been associated with injury. Salzler et al. [9] observed stress fractures and plantar fascia injuries in a group of runners within 1 year of transitioning from traditional to minimalist footwear.
A recent review by Jenkins and Cauthon [10] Habituation to minimalist footwear has also been demonstrated to be associated with improvements in running economy and alteration in foot strike pattern with instruction [13, 14] . These studies began to address the effects of minimalist footwear on running economy, the next logical step is to question will this effect persist with training and will it be present at more than one speed of movement.
Based upon kinematic data is appears plausible that there are advantages to running barefoot [15, 16] as a forefoot strike might allow for the increased energy absorption by the elastic structures in the foot.
With the interest in minimalist footwear among the running community it is important to understand the implications for the transi- 
MATERIALS AND METHODS

In
Participants
The participants in the present investigation were 13 apparently health college aged students, all of whom gave written informed consent prior to participating. Inclusion criteria were the ability to run continuously for 30 minutes and being completely naive to the use of minimalist footwear or barefoot running for training, and having a pair of traditional running shoes that the individual as accustom to training in and were in sufficiently good condition to be used during the course of the study. The participants were active runners who ran more than once per week, and in many cases competed recreationally is local 5k road races. The resultant participants (age:
21.7±1.4 years , height: 168.9±8.8 cm, weight: 70.4±15.8 kg)
were 7 males and 6 females who had slightly better than average cardiovascular fitness (VO 2 max: 46.6±6.6 ml · kg -1 · min -1 ). 
FIG. 1. Schematic of experimental protocol.
Biology
Graded Exercise Testing
Participants in the study all received the same graded exercise test format on the same equipment in the Human Performance Lab. The subjects ran on a Track Master TMX 425 treadmill (Full Vision Inc., Newton, KS.) during the assessment. Participants expired air was sampled and analyzed with a ParvoMedic TrueOne 2400 metabolic measurement system (ParvoMedics, Sandy, UT.) The system utilizes a mixing chamber and was set to sample expired air every 15 seconds.
The system was calibrated prior to each test according to the manufacturers specifications. Listed accuracy for the gas sensors in the unit are: paramagnetic O2 analyzer ±0.1%, infrared CO2 analyzer ±0.1%. pneumotach ± 2%. After each assessment drift within the sensors was checked for, but determined to be negligible.
For the assessment a custom ramp protocol was used that had been developed after pilot testing on a similar group of athletes. This protocol included a 30 second initial familiarization stage at 1.6 kilometers per hour, and then a two-minute first stage at 1.6 km · h -1 and a 2.0% grade. After the initial stage the speed and grade were increased every 2 minutes by 1.6 km · h -1 and 1.5% respectively until the conclusion of the test. The test was concluded when the oxygen consumption was determined to have reached a plateau or the participant volitionally quit exercise. Heart rate during the test was determined through a Polar Wear Link heart rate sensor (Polar Electro Inc., Lake Success, NY.) that was linked to a receptor on the metabolic measurement system.
Training Protocol
Participants were required to complete five thirty minutes runs per 
Testing for Differences Among Footwear
The same metabolic cart and treadmill that were used for the graded exercise test were used for this assessment. The participants' respiratory gas exchange and heart rate were monitored continuously during the assessment for each of the three footwear conditions (barefoot, traditional running shoe, minimalist footwear). The order the participants used the footwear was counterbalanced. Participants were asked to walk at 5.6 km · h -1 , and run at 7.2 and 9.6 km · h 
Statistical Analysis
Data were analyzed via repeated measures ANOVAs for VO 2 , Respiratory Exchange Ratio (RER) and Heart Rate (time × footwear condition × speed) with sex (male,female) included as a between subjects factor to examine gender differences. Though no statistical difference in body mass were noted between pre and post testing, subjects mass was not identical from pre testing and thus absolute oxygen consumption was used to examine pre to post changes in oxygen consumption. Post hoc analysis was conducted on any significant interaction effect with a Bonferroni correction for multiple comparisons. A modern statistical software package was utilized for all analysis (SPSS ver 20.0). Statistical significance was set a priori at p<0.05. Figure 3) . Gender was not revealed to be a significant effect within the analysis of oxygen consumption (p>0.05).
RESULTS
Oxygen
Respiratory Exchange Ratio
The analysis did not reveal a significant main effect for treatment 
Heart Rate
The analysis did not reveal any significant main or interaction effects between pre and post time points and the footwear conditions
) during the pre-training testing at 5.6, 7.2 and 9.6 kilometers per hour per by treatment. Note: (*) represents significantly different from barefoot condition at similar speed (p<0.05), (#) represents significantly different than minimalist shoe condition at similar speed (p<0.05).
FIG. 3. Mean oxygen consumption (L · min -1
) during the post-training testing at 5.6, 7.2 and 9.6 kilometers per hour by treatment. Note: (*) represents significantly different from barefoot condition at similar speed (p<0.05), (#) represents significantly different than minimalist shoe condition at similar speed (p<0.05). 
DISCUSSION
The pre training data from the present investigation are in agreement with two current studies of the physiological responses of runners to minimalist footwear [12, 13] . The present study demonstrated that 
CONCLUSIONS
Those professionals involved in the prescription of running as a form of aerobic exercise should be aware that at the onset of use minimalist footwear will result in greater economy in running compared to traditional running shoes and less economy when compared to barefoot running. Practitioners need to be aware of this impact, and similarly aware that simple measures such as heart rate will not demonstrate the changes that accompany the use of different footwear during training. However, with training and experience the naive runner will adapt and demonstrate similar running economy is all three footwear types. Finally, the minimalist footwear while similar in many regards to barefoot running, does not appear to be similar enough promote changes in barefoot economy.
